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DESCRIPTION 

METHOD OF SCREENING COMPOUND CAPABLE OF 
ACCELERATING OR INHIBITING APOPTOSIS, APOPTOSIS 
ACCELERATOR AND APOPTOSIS INHIBITOR 
Technical Field 

[0001] The present invention relates to methods for screening 
pro- or anti-apoptotic compounds, apoptosis enhancers and apoptosis 
inhibitors. 
Background Art 

[0002] In contrast to pro-apoptotic p53 and its homologue p73, 
the NF-kB signaling pathway plays an important role in cytoprotection 
against various pro-apoptotic stimuli such as DNA damage. Under 
normal conditions, NF-kB exists as heterodimeric complexes 
composed of p50 and p65 (RelA) subunits and is in the 
transcriptionally inactive state through interaction with inhibitory 
proteins such as iKB-a and IicB-p. IkB masks the nuclear localization 
signal of NF-kB and thereby inhibits NF-kB nuclear translocation. 
[0003] On certain stimuli, an IkB kinase (IKK) complex, an^ 
upstream regulator of the NF-kB signaling pathway, rapidly 
phosphorylates particular serine residues located in the N-terminal 
signal response domain of IkB, which is then polyubiquitinated and 
degraded in a proteasome-dependent manner. As a result, the nuclear 
localization signal of NF-kB masked by IkB is exposed, leading to the 
nuclear translocation and subsequent activation of NF-kB. The IKK 
complex is composed of two catalytic subunits IKK-a (also called 
IKK-1) and IKK-P (also called IKK-2) and one regulatory subunit 
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IKK-y (also called NEMO) with a scaffold function. 
[0004] The relationship between NF-kB and p53 or p73 has been 
characterized as follows: in response to a primary antigenic stimulation, 
NF-kB limits the up-regulation of pro-apoptotic p73 in T cells and 
promotes T cell survival, and however, the precise molecular basis by 
which the activation of NF-kB inhibits p73 expression is still unknown 
(Non-Patent Document 1). In response to an anticancer agent 
doxorubicin, IKK-p, but not IKK-a, activates NF-kB and thereby 
inhibits the accumulation of p53 at protein levels (Non-Patent 
Document 2). These results suggest that the activation of NF-kB might 
suppress apoptosis mediated by p53, p73, or both. In agreement with 
this suggestion, the presence of bidirectional repression between p53 
and NF-kB has been shown (Non-Patent Document 3), 
[0005] By contrast, it has been reported that NF-kB works as a 
cofactor of p53 and is required for p53-dependent apoptosis (Non- 
Patent Document 4). Besides, it has been shown that p53 is a direct 
transcriptional target of NF-kB, and that the p5 3 -activating signal is 
partially blocked by the inhibition of NF-kB activation (Non-Patent 
Documents 5 to 7). 

[0006] UFD2a (ubiquitin fusion degradation protein-2a), a 
member of the U-box ubiquitin protein ligase family, was originally 
identified as an E4 ubiquitination factor. UFD2a catalyzes 
polyubiquitin chain elongation and allows proteasomal degradation to 
target the polyubiquitinated substrate protein (Non-Patent Documents 8 
and 9). The predicted three-dimensional structure of the U box is 
similar to that of the RING finger, and UFD2a also acts as E3 ubiquitin 
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protein ligase (Non-Patent Document 9). It has recently been 
demonstrated that human UFD2a genes are located at the locus lp36.2- 
p36.3 of candidate tumor suppressor genes for neuroblastoma and other 
cancers (Non-Patent Document 10). However, mutation analysis 
5 conducted by the present inventors has suggested UFD2a genes are 

rarely mutated in neuroblastoma and neuroblastoma-derived cell lines. 
In yeast, Ufd2 is associated with cell survival under stress conditions 
(Non-Patent Document 8). Through apoptotic stimulation, UFD2a is 
cleaved by caspase 6 or granzyme B and thereby exhibits remarkably 
10 impaired enzyme activity (Non-Patent Document 11). 

[0007] 

P^on-Patent Document 1]: Wan, Y.Y. et al.. The survival of 
antigen-stimulated T cells requires NF-icB-mediated inhibition of p73 
expression. Immunity 18: 331-342 (2003). 
15 [Non-Patent Document 2]: Tergaonkar, V. et al., p53 

stabilization is decreased upon NF-kB activation: a role for NF-kB in 
acquisition of resistance to chemotherapy. Cancer Cell 1: 493-503 
(2002). 

pSfon-Patent Document 3]: Webster, G.A. et al, Transcriptional 
20 crosstalk between NF-kB and p53. Mol. Cell. Biol. 19: 3485-3495 

(1999). 

[Non-Patent Docimient 4]: Ryan, K.M. et al.. Role of NF-kB in 
p53-mediated progranmied cell death. Nature 404: 892-897 (2000). 

[Non-Patent Document 5]: Wu, H. et al, NF-kB activation of p53. 
25 A potential mechanism for suppressing cell growth in response to stress. 

J. Biol. Chem. 269: 20067-20074 (1994). 
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[Non-Patent Document 6]: Sun, X. et al., Identification of a 
novel p53 promoter element involved in genotoxic stress-inducible p53 
gene expression. Mol. Cell. Biol. 15: 4489-4496 (1995). 

[Non-Patent Document 7]: Hellin, A.C. et al.. Nuclear factor-icB- 
5 dependent regulation of p53 gene expression induced by daunomycin 

genotoxic drug. Oncogene 16: 1187-1195 (1998). 

[Non-Patent Document 8]: Koegl, M. et al., Cell 96; 635-644 
(1999). 

[Non-Patent Document 9]: Hatakeyama, H. et al., J. Biol. Chem. 
10 276:33111-33120(2001). 

[Non-Patent Docimient 10]: Ohira, M. et al.. Oncogene 19: 
4302-4307 (2000). 

[Non-Patent Document 11]: Mahoney, J.A. et al., Biochem. J. 
351: 587-595 (2002). 
15 Disclosure of the Invention 

Problems to be Solved by the Invention 

[0008] However, the functional importance of possible 
relationship between the NF-kB signaling pathway and apoptosis 
mediated by p53, p73, or both has not been established yet. The 
20 elucidation of the apoptosis-inducing activity of p73 inclusive of its 

mechanism and the discovery of compounds enhancing or inhibiting it 
lead to the development of therapeutic or preventive drugs for cancer or 
neurodegenerative disease. 

[0009] Thus, one object of the present invention is to elucidate 
25 the molecular mechanism of p73 activation. Another object of the 

present invention is to provide methods for screening pro- or anti- 
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apoptotic compounds that are derived from the mechanism. 
Means for Solving the Problems 

[0010] The present inventors have found that cisplatin treatment 
remarkably accumulates IKK-a in the nucleus in relation to the 
induction of p73 and p53. The present inventors have also found that 
IKK-a expression increases the half-life of p73 by inhibiting its 
ubiquitination, and thereby enhances transactivation and pro-apoptotic 
activity. From immunoprecipitation and immunostaining experiments, 
the present inventors have further found that p73, which directly 
associates with IKK-a, coexists with IKK-a in the nuclear matrix. 
Based on these findings, the present inventors have completed the 
present invention by elucidating a molecular mechanism where IKK-a 
stabilizes p73 through its direct interaction with p73 and promotes 
apoptosis induced by p73. 

[0011] Namely, the present invention provides a method for 
screening a pro-apoptotic compoimd comprising a determination step 
of determining a compound enhancing interaction between p73 and 
IKK-a as a pro-apoptotic compound. This screening method is based 
on the molecular mechanism of direct interaction between p73 and 
IKK-a. This molecular mechanism was newly found by the present 
inventors. Thus, a pro-apoptotic compound with a new and totally 
different mechanism of action can be obtained by this screening 
method. The compoimd may be applied to an apoptosis enhancer or 
anticancer agent. 

[0012] The present invention also provides a method for 
screening a pro-apoptotic compound comprising: a culture step of 
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culturing cells expressing p73 and IKK-a under respective conditions 
of being in the presence of and in the absence of a test compound; an 
assay step of assaying the interactions between p73 and IKK-a in the 
respective cultured cells; and a determination step of determining the 
test compoxmd as a pro-apoptotic compound, where the interaction 
between p73 and IKK-a in the cell cultured in the presence of the test 
compound is stronger than the interaction between p73 and IKK-a in 
the cell cultured in the absence of the test compound. A pro-apoptotic 
compound with a new and totally different mechanism of action can be 
obtained by this screening method. The compound may be applied to 
an apoptosis enhancer or anticancer agent. 

[0013] The present invention also provides a method for 
screening an anti-apoptotic compound comprising a determination step 
of determining a compound inhibiting interaction between p73 and 
IKK-a as an anti-apoptotic compoimd. This screening method is based 
on the molecular mechanism of direct interaction between p73 and 
IKK-a. This molecular mechanism was newly found by the present 
inventors. Thus, an anti-apoptotic compound with a new and totally 
different mechanism of action can be obtained by this screening 
method. The compound may be applied to an apoptosis inhibitor or 
therapeutic drug for neurodegenerative disease. 

[0014] The present invention also provides a method for 
screening an anti-apoptotic compoimd comprising: a culture step of 
culturing cells expressing p73 and IKK-a under respective conditions 
of being in the presence of and in the absence of a test compound; an 
assay step of assaying the interactions between p73 and IKK-a in the 
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respective cultured cells; and a determination step of determining the 
test compound as an anti-apoptotic compound, where the interaction 
between p73 and DCK-a in the cell cultured in the presence of the test 
compound is weaker than the interaction between p73 and IKK-a in 

5 the cell cultured in the absence of the test compound. An anti- 

apoptotic compound with a new and totally different mechanism of 
action can be obtained by this screening method. The compoimd may 
be applied to an apoptosis inhibitor or therapeutic drug for 
neurodegenerative disease. 

10 [0015] The present invention also provides an apoptosis enhancer 

comprising a protein comprising the amino acid sequence set forth in 
SEQ ID NO: 24, and an apoptosis enhancer comprising a nucleic acid 
encoding a protein comprising the amino acid sequence set forth in 
SEQ ID NO: 24. The protein comprising the amino acid sequence set 

15 forth in SEQ ID NO: 24 is an IKK-a protein. As described above, the 

present inventors have elucidated the molecular mechanism by which 
IKK-a stabilizes p73 through its direct interaction with p73 and 
promotes apoptosis induced by p73. Such a molecular mechanism 
completely defies the expectations from the role of IKK-a in the NF- 

20 kB signaling pathway, which is an anti-apoptotic pathway. Namely, 

IKK-a plays a pro-apoptotic role, but not anti-apoptotic role, in 
apoptosis mediated by p73. Thus, the IKK-a protein or a nucleic acid 
encoding the protein may be used as an apoptosis enhancer. 
[0016] The present invention also provides an apoptosis inhibitor 

25 comprising a protein comprising the amino acid sequence set forth in 

SEQ ID NO: 25, and an apoptosis inhibitor comprising a nucleic acid 
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encoding a protein comprising the amino acid sequence set forth in 
SEQ ID NO: 25. The protein comprising the amino acid sequence set 
forth in SEQ ID NO: 25 is an IKK-a (K44A) protein derived from 
IKK-a with the 44th lysine residue substituted by an alanine residue. 
The present inventors have revealed that IKK-a (K44A) binds to, but 
does not stabilize p73 and inhibits apoptosis induced by p73. Namely, 
IKK-a (K44A) functions in an anti-apoptotic manner in apoptosis 
mediated by p73. Thus, the IKK-a (K44A) protein and a nucleic acid 
encoding the protein may be used as an apoptosis inhibitor. 
[0017] The present invention further provides an apoptosis 
inhibitor comprising a protein comprising the amino acid sequence set 
forth in SEQ ID NO: 26, and an apoptosis inhibitor comprising a 
nucleic acid encoding a protein comprising the amino acid sequence set 
forth in SEQ ID NO: 26. The protein comprising the amino acid 
sequence set forth in SEQ ID NO: 26 is UFD2a protein. The present 
inventors have revealed that UFD2a degrades p73 and thereby reduces 
the apoptotic activity of p73. Namely, UFD2a functions in an anti- 
apoptotic manner in apoptosis mediated by p73. Thus, the UFD2a 
protein and a nucleic acid encoding the protein may be used as an 
apoptosis inhibitor. 
Effect of the Invention 

[0018] According to the screening method of the present 
invention, pro- and anti-apoptotic compounds with a new and totally 
different mechanism of action can be obtained. The discovery of such 
compounds allows for the development of drugs effective for the 
treatment and prevention of cancer or neurodegenerative disease. 



8 



FP05-01 12-00 



Brief Description of the Drawings 

[0019] Figure 1 is a graph showing the cell viability of 
osteosarcoma U20S cells exposed to cisplatin. 

Figure 2 is a diagram showing a result of immunoblot of cell 
5 lysates of U20S cells treated with cisplatin. 

Figure 3 is a diagram showing a result of RT-PCR analysis of 
RNA from U20S cells treated with cisplatin. 

Figure 4 is a diagram showing a result of immunoblot of nuclear 
(N) and cytoplasmic (C) fractions of U20S cells treated with cisplatin. 
10 Figure 5 is a diagram showing a result of immunoblot of nuclear 

(N) and cytoplasmic (C) fractions of U20S cells transfected with a 
FLAG-IKK-a or HA-p73a expression plasmid. 

Figure 6 is a photograph showing a result of double staining by 
indirect immunofluorescence of U20S cells transiently transfected with 
15 a FLAG-IKK-a expression plasmid alone (upper three photographs) or 

together with HA-p73a (lower three photographs). The merge 
indicates a photograph overlaying FLAG-IKK-a on lamin B or HA- 
p73aon FLAG-IKK-a. 

Figure 7 is a graph showing the fold activation of NF-kB in 
20 U20S cells treated with cisplatin. 

Figure 8 is a graph showing the fold activation of NF-kB in 
L929 cells treated with TNF-a. 

Figure 9 is a diagram showing a result of immunoblot of nuclear 
(N) and cytoplasmic (C) fractions of L929 cells exposed to TNF-a. 
25 Interaction between IKK-a and p73. 

Figure 10 is a diagram showing a result of immunoprecipitation 
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and immunoblot of COS7 cells transiently transfected with the given 
combinations of expression plasmids. IP and IB denote antibodies 
used in immunoprecipitation and immunoblot, respectively. 

Figure 11 is a diagram showing a result of immimoprecipitation 
with normal mouse serum (NMS) or an anti-p53 antibody and 
immunoblot with an anti-FLAG antibody conducted on COS7 cells 
transiently transfected with a FLAG-IKK-a expression plasmid. 

Figure 12 is a schematic diagram of GST-p73 fusion proteins. 
TA denotes a transactivation domain, DB denotes a DNA-binding 
domain, OD denotes an oligomerization domain, and SAM denotes a 
sterile a motif domain. 

Figure 13 is a diagram showing a result of immunoblot with an 
anti-FLAG antibody in in vitro pull-down assay (upper panel) and a 
diagram showing a result of immunoblot with an anti-GST antibody in 
in vitro pull-down assay (lower panel). 

Figure 14 is a diagram showing a result of immunoblot (upper 
panels) and RT-PCR (lower panels) of COS? cells transiently 
cotransfected with the given combinations of expression plasmids. 

Figure 15 is a diagram showing a result of immunoblot of COS? 
cells transiently cotransfected with the given combinations of 
expression plasmids. 

Figure 16 is a diagram showing a result of immimoblot of COS? 
cells transiently transfected with a HA-p?3a expression plasmid alone 
or together with an IKK-a expression plasmid and then treated with 
cycloheximide (CHX) (upper panel), and a graph showing residual 
HA-p?3a (lower panel). 
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Figure 17 is a diagram showing a result of immunoblot of COS7 
ceils transiently transfected with a HA-p73a expression plasmid alone 
or together with an IKK-j3 expression plasmid and then treated with 
cycloheximide (CHX) (upper panel), and a graph showing residual 
5 HA-p73a (lower panel). 

Figure 18 is a diagram showing a result of immimoprecipitation 
with an anti-p73 antibody and immunoblot with an anti-HA antibody 
conducted on COS7 cells transiently cotransfected with expression 
plasmids for HA-p73a and HA-Ub together with or without varying 

10 amoimts of IKK-a expression plasmids and then treated with MG-132. 

Ubxn-p73a denotes slowly migrating ubiquitinated forms of HA-p73a. 

Figure 19 is a diagram showing a result of immunoprecipitation 
with an anti-p73 antibody and immunoblot with an anti-HA antibody 
conducted on COS 7 cells transiently cotransfected with expression 

15 plasmids for HA-p73a and HA-Ub together with or without varying 

amounts of IKK- P expression plasmids and then treated with MG-132. 
Ubxn-p73a denotes slowly migrating ubiquitinated forms of HA-p73a. 

Figure 20 is a graph showing the fold transcriptional activation 
of p53/p73-responsive promoters in p53-deficient HI 299 cells 

20 transiently cotransfected with an expression plasmid encoding HA- 

p73a together with a luciferase reporter carrying a p53-responsive 
element derived from a p2I^^^\ Box, or MDM2 promoter and with a 
Renilla luciferase plasmid (pRL-TK) in the presence or absence of 
varying amounts of pcDNA3-IKK-a. 

25 Figure 21 is a graph showing the fold transcriptional activation 

of p53/p73-responsive promoters in p53-deficient H1299 cells 

11 



FP05-0112-00 



transiently cotransfected with an expression plasmid encoding HA- 
p73P together with a luciferase reporter carrying a p53-responsive 
element derived from a p21^^^^. Box, or MDM2 promoter and with a 
Renilla luciferase plasmid (pRL-TK) in the presence or absence of 
varying amounts of pcDNA3-IKK-a. 

Figure 22 is a graph showing the fold transcriptional activation 
of p53/p73-responsive promoters in p53-deficient H1299 cells 
transiently cotransfected with an expression plasmid encoding p53 
together with a luciferase reporter carrying a p53-responsive element 
derived from a pll^'^^^ Bax, or MDM2 promoter and with a Renilla 
luciferase plasmid (pRL-TK) in the presence or absence of varying 
amounts of pcDNA3-IKK-a. 

Figure 23 is a graph showing the fold transcriptional activation 
of p53/p73-responsive promoters in H1299 cells transiently transfected 
with a HA-p73a expression plasmid together with a given luciferase 
reporter construct in the presence or absence of varying amounts of 
IKK-p expression plasmids. 

Figure 24 is a diagram showing a result of immunoblot of H 1299 
cells transiently cotransfected with a constant amount of HA-p73a 
expression plasmid together with or without varying amounts of IKK-a 
expression plasmids. 

Figure 25 is a photograph showing HI 299 cells transiently 
transfected with a given expression plasmid and then double-stained. 

Figure 26 is a graph showing the proportion of apoptotic cells to 
HI 299 cells transiently transfected with a given expression plasmid. 

Figure 27 is a graph showing the proportion of apoptotic cells to 
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HI 299 cells transiently transfected with a given expression plasmid. 

Figure 28 is a diagram showing a result of immunoprecipitation 
and immunoblot of COS7 cells transiently cotransfected with given 
expression plasmids. 
5 Figure 29 is a diagram showing a result of immunoprecipitation 

and immimoblot of COS7 cells transiently cotransfected with given 
expression plasmids. 

Figure 30 is a diagram showing a result of immunoblot (upper 
panels) and RT-PCR analysis (lower panels) of U20S cells transfected 
10 or untransfected with FLAG-IKK-a (K44A) and then treated or 

untreated with cisplatin. 

Figure 3 1 is a graph showing the proportion of apoptotic cells to 
U20S cells transfected with a P-galactosidase expression plasmid 
together with or without a FLAG-IKK-a (K44A) expression plasmid. 
15 Figure 32 is a diagram showing a result of immunoblot (upper 

panels) and RT-PCR analysis (lower panels) of HI 299 cells transfected 
or untransfected with FLAG-IKK-a (K44A) and then treated or 
imtreated with cisplatin. 

Figure 33 is a graph showing the proportion of apoptotic cells to 
20 HI 299 cells transfected with a p-galactosidase expression plasmid 

together with or without a FLAG-IKK-a (K44A) expression plasmid. 

Figure 34 shows a schematic diagram of IKK, p73, and NF-kB 
in apoptosis induced by DNA damage. 

Figure 35 is a diagram showing a result of inmiunoblot of COS? 
25 cells transfected or untransfected with FLAG-UFD2a and then treated 

or untreated with cisplatin. 
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Figure 36 is a graph showing the proportion of apoptotic cells to 
HI 299 cells transiently cotransfected with the given combinations of 
expression plasmids. 

Best Mode for Carrying Out the Invention 

[0020] Hereinafter, the preferable embodiments of the present 

invention will be described in detail, 

[0021] (Methods for screening pro-apoptotic compound) 

The method for screening a pro-apoptotic compound of the 
present invention comprises a determination step of determining a 
compoimd enhancing interaction between p73 and IKK-a as a pro- 
apoptotic compound. This screening method is based on the novel 
molecular mechanism of direct interaction between p73 and IKK-a and 
gives a pro-apoptotic compound with a new and totally different 
mechanism of action. 

[0022] Assay systems for protein-protein interaction generally 
known by those skilled in the art are available as specific screening 
techniques, and examples thereof include yeast two-hybrid assay and 
PCA (protein- fragment complementation assay). The yeast two-hybrid 
assay and PCA are briefly described below. 

[0023] First, the yeast two-hybrid assay is described. Yeast Gal4 
is a transcriptional regulator composed of an N-terminal DNA-binding 
domain (DBD) and a C-terminal transcriptional activation domain 
(AD). Both domains autonomously function in principle. DBD can 
bind to DNA by itself but cannot activate transcription. AD is the 
converse. The yeast two-hybrid assay was developed by applying this 
property. Namely, a fusion protein (bait) of the protein P of interest 
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with Gal4 DBD and a fusion protein (prey) of another protein Q with 
Gal4 AD are introduced into yeast cells. If the proteins P and Q 
interact with each other in the nucleus, a transcriptional regulation 
complex is reconstituted in the yeast cell, resulting in transcriptional 
activation dependent on a binding site for Gal4. The interaction 
between the proteins P and Q can be evaluated easily by detecting this 
activity with reporter genes. For example, HIS3, lacZ, and IJRA3 can 
be utilized as the reporter genes. In addition to yeast Gal4, a system 
using SRF or LexA is also available. 

[0024] The screening method of the present invention may be 
performed by a system using p73 as the protein P and IKK-a as the 
protein Q (the converse is possible) in the yeast two-hybrid assay. 
Namely, yeasts are allowed to express either p73 or IKK-a as a bait 
and the other as a prey and cultured under respective conditions of 
being in the presence of and in the absence of a test compound. The 
respective transcriptional activities (which represent the intensity of 
interaction between p73 and IKK-a) of reporter genes in the cultured 
yeasts are assayed. The test compound can be determined as a pro- 
apoptotic compound, provided that the transcriptional activity in the 
presence of the test compound is larger than the transcriptional activity 
in the absence of the test compound. 

[0025] Next, the PCA assay is described. In the PCA assay, one 
functional protein A (e.g., enzyme, transcriptional factor) is divided 
into two fragments Al and A2, which are then fused with tiie proteins 
P and Q of interest, respectively to prepare fusion proteins Al-P and 
A2-Q. This assay is based on the principle where if the proteins P and 
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Q of interest bind to each other, the functional protein A recovers its 
function, and the interaction between the proteins P and Q is 
determined by detecting the activity thereof For example, P-lactamase 
can be utilized as the functional protein. The PCA assay using p- 
lactamase is described below. 

[0026] P-lactamase is a P-lactam ring-cleaving enzyme derived 
from bacteria. This enzyme is divided into the N-terminal a 197 
fragment (25 to 197 residues) and the C-terminal G3198 fragment (198- 
288 residues), which are respectively expressed as fusion proteins with 
proteins of interest. Only in the presence of the binding of them, the P- 
lactamase protein recovers its three-dimensional structure and exhibits 
activity. The P-lactamase activity is detected with a cell-permeable 
fluorescent probe CCF2/AM (CCF2/acetoxymethyl ester). The 
CCF2/AM probe has a structure where two different fluorescent 
substances, coumarin and fluorescein, are bound with either end of a 
cephalosporin molecule, and exhibits intramolecular FRET 
(fluorescence resonance energy transfer) using the former as a donor 
and the latter as an acceptor. Namely, the excitation of coumarin with 
light of 409 nm results in the emission of fluorescence derived from 
fluorescein at 520 nm. However, if CCF2 is degraded by the p- 
lactamase activity, the donor and the acceptor dissociate from each 
other without FRET observed. Therefore, coumarin emits its original 
fluorescence at 447 nm by the excitation with light of 409 nm. The 
measurement of the fluorescence at 447 nm allows for the assay of the 
P-lactamase activity, that is, the intensity of interaction between the 
proteins of interest. 
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[0027] Thus, the screening method of the present invention 
utilizing the PCA assay may be performed by the following 
procedures: cells are allowed to express fusion proteins of two 
functional protein fragments Al and A2 fused with either p73 or IKK- 
a and cultured imder respective conditions of being in the presence of 
and in the absence of a test compoimd. The respective functional 
protein activities in the cultured cells are assayed. The test compound 
can be determined as a pro-apoptotic compound, provided that the 
functional protein activity in the cell cultured in the presence of the test 
compound is larger than the functional protein activity in the cell 
cultured in the absence of the test compound. 

[0028] Moreover, the method for screening a pro-apoptotic 
compound of the present invention comprises: a culture step of 
culturing cells expressing p73 and IKK-a under respective conditions 
of being in the presence of and in the absence of a test compoimd; an 
assay step of assaying the interactions between p73 and IKK-a in the 
respective cultured cells; and a determination step of determining the 
test compound as a pro-apoptotic compound, where the interaction 
between p73 and IKK-a in the cell cultured in the presence of the test 
compound is stronger than the interaction between p73 and IKK-a in 
the cell cultured in the absence of the test compound. This screening 
method is based on the novel molecular mechanism of direct 
interaction between p73 and IKK-a and gives a pro-apoptotic 
compound with a new and totally different mechanism of action. 
[0029] Assay systems for protein-protein interaction generally 
known by those skilled in the art are available as specific screening 
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techniques, and examples thereof include immunoprecipitation. The 
screening method using the immunoprecipitation is described below. 
[0030] At first, cells expressing p73 and IKK-a are prepared. 
Cells expressing both of them, cells expressing both of them as a result 
of transfecting cells expressing either of them with the other, and cells 
obtained by cotransfecting cells expressing neither of them with both of 
them can be used as the cells expressing p73 and IKK-a. Altematively, 
cells allowed to express p73 by drug treatment such as cisplatin 
treatment may be used. The cells are cultured under respective 
conditions of in the presence of and in the absence of a test compound. 
A culture time may be any time that can bring about the interaction 
between p73 and IKK-a, and though differing depending on types of 
cells used, is approximately 12 to 48 hours, for example, for cells 
cotransfected with p73 and IKK-a. 

[0031] Next, the interactions between p73 and IKK-a in the 
respective cultured cells are assayed. To assay the interaction, the 
cultured cells are first pulverized to prepare cell lysates. Although cell 
lysates from the whole cells may be used, it is preferred that cell lysates 
from nuclear fractions should be used because p73 and IKK-a interact 
with each other in the nucleus. An antibody against either p73 or IKK- 
a molecule is added to the prepared cell lysates to perform 
immunoprecipitation. Then, the obtained precipitate (which contains a 
complex of p73 and IKK-a) is subjected to an immunological approach 
(e.g., immunoblot) using an antibody against the other molecule, by 
which the interaction between p73 and IKK-a can be assayed by 
detecting and quantifying the complex of p73 and IKK-a. 
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[0032] As a result of the assay, the test compound is determined 
as being positive, provided that the interaction between p73 and DCK-a 
in the cell cultured in the presence of the test compound is stronger (the 
amount of the protein complex formed is larger) than that in the cell 
cultured in the absence of the test compoimd. Namely, the compound 
can be determined as a pro-apoptotic compound. 
[0033] (Screening methods for an anti-apoptotic compound) 

The method for screening an anti-apoptotic compound of the 
present invention comprises a determination step of determining a 
compound inhibiting interaction between p73 and IKK-a as an anti- 
apoptotic compoimd. This screening method is based on the novel 
molecular mechanism of direct interaction between p73 and IKK-a and 
gives an anti-apoptotic compound with a new and totally different 
mechanism of action. 

[0034] Assay systems for protein-protein interaction generally 
known by those skilled in the art are available as specific screening 
techniques, and examples thereof include yeast two-hybrid assay and 
PCA (protein-fragment complementation assay). The general outlines 
of the yeast two-hybrid assay and PCA are the same as above. 
[0035] This screening method utilizing the yeast two-hybrid assay 
is performed as follows: yeasts are allowed to express either p73 or 
IKK-a as a bait and the other as a prey and cultured under respective 
conditions of being in the presence of and in the absence of a test 
compound. The respective transcriptional activities (which represent 
the intensity of interaction between p73 and IKK-a) of reporter genes 
in the cultured yeasts are assayed. The test compound can be 
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determined as an anti-apoptotic compound, provided that the 
transcriptional activity in the presence of the test compound is lower 
than the transcriptional activity in the absence of the test compoimd. 
[0036] This screening method utilizing the PC A assay is 
performed as follows: cells are allowed to express fusion proteins of 
two functional protein fragments Al and A2 fused with either p73 or 
IKK-a and cultured under respective conditions of being in the 
presence of and in the absence of a test compound. The respective 
functional protein activities in the cultured cells are assayed. The test 
compound can be determined as an anti-apoptotic compoimd, provided 
that the functional protein activity in the cell cultured in the presence of 
the test compound is lower than the functional protein activity in the 
cell cultured in the absence of the test compound. 

[0037] The method for screening an anti-apoptotic compoimd of 
the present invention comprises: a culture step of culturing cells 
expressing p73 and IKK-a under respective conditions of being in the 
presence of and in the absence of a test compound; an assay step of 
assaying the interactions between p73 and IKK-a in the respective 
cultured cells; and a determination step of determining the test 
compound as an anti-apoptotic compound, where the interaction 
between p73 and IKK-a in the cell cultured in the presence of the test 
compound is weaker than the interaction between p73 and IKK-a in 
the cell cultured in the absence of the test compound. This screening 
method is based on the novel molecular mechanism of direct 
interaction between p73 and IKK-a and gives an anti-apoptotic 
compound with a new and totally different mechanism of action. 
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[0038] Assay systems for protein-protein interaction generally 
known by those skilled in the art are available as specific screening 
techniques, and examples thereof include immunoprecipitation. The 
screening method using the immunoprecipitation is performed in the 
same way as described above except for the step of determining the 
compound. Namely, the test compound is determined as being positive, 
provided that the interaction between p73 and IKK-a. in the cell 
cultured in the presence of the test compound is weaker (the amount of 
the protein complex formed is smaller) than that in the cell cultured in 
the absence of the test compound as a result of assay of the interaction 
between p73 and IKK-a. Namely, the compound can be determined as 
an anti-apoptotic compound. 
[0039] (Apoptosis enhancers) 

An apoptosis enhancer of the present invention comprises a 
protein comprising the amino acid sequence set forth in SEQ ID NO: 
24. The protein comprising the amino acid sequence set forth in SEQ 
ID NO: 24 represents an IKK-a protein. According to the molecular 
mechanism found by the present inventors, IKK-a stabilizes p73 
through its direct interaction with p73 and promotes apoptosis induced 
by p73. Thus, this apoptosis enhancer is contacted with or 
administered to cells, tissues, or individuals, thereby allowing for the 
promotion of apoptosis for the cells, tissues, or individuals. This 
apoptosis enhancer is contacted with or administered to cancer cells, 
cancer tissues, or individuals suffering from cancer, thereby allowing 
for the suppression or treatment of cancer. Namely, the apoptosis 
enhancer may be used as an anticancer agent. For the contact or 
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administration of the apoptosis enhancer, it is preferred to contact or 
administer it together with p73. This is because apoptosis is further 
promoted. 

[0040] Moreover, an apoptosis enhancer of the present invention 
comprises a nucleic acid encoding a protein comprising the amino acid 
sequence set forth in SEQ ID NO: 24. Preferably, the apoptosis 
enhancer of the present invention is a nucleic acid comprising the 
nucleotide sequence set forth in SEQ ID NO: 23. According to the 
molecular mechanism found by the present inventors, IKK-a stabilizes 
p73 through its direct interaction with p73 and promotes apoptosis 
induced by p73. Thus, this apoptosis enhancer is incorporated into an 
appropriate vector, which is in tum contacted with or administered to 
cells, tissues, or individuals, thereby allowing for the promotion of 
apoptosis for the cells, tissues, or individuals. The vector is contacted 
with or administered to cancer cells, cancer tissues, or individuals 
suffering from cancer, thereby allowing for the suppression or 
treatment of cancer. Namely, the apoptosis enhancer may be used as 
an anticancer agent. For the contact or administration of the apoptosis 
enhancer, it is preferred to contact or administer it together with p73. 
This is because apoptosis is further promoted. 
[004 1 ] (Apoptosis inhibitors) 

An apoptosis inhibitor of the present invention comprises a 
protein comprising the amino acid sequence set forth in SEQ ID NO: 
25. The protein comprising the amino acid sequence set forth in SEQ 
ID NO: 25 represents an IKK-a (K44A) protein derived from IKK-a 
with the 44th lysine residue substituted by an alanine residue. The 
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present inventors have revealed that IKK-a (K44A) binds to, but does 
not stabilize, p73 and inhibits apoptosis induced by p73. Thus, this 
apoptosis inhibitor is contacted with or administered to cells, tissues, or 
individuals, thereby allowing for the inhibition of apoptosis for the 
cells, tissues, or individuals. This apoptosis inhibitor is contacted with 
or administered to cells or. tissues undergoing apoptosis or individuals 
suffering from neurodegenerative disease, thereby allowing for the 
treatment of neurodegenerative disease. Namely, the apoptosis 
inhibitor may be used as a therapeutic agent for neurodegenerative 
disease. For the contact or administration of the apoptosis inhibitor, it 
is preferred to confirm p73 expression in cells, tissues, or individuals to 
be contacted or administered with the apoptosis inhibitor. This is 
because apoptosis can be inhibited with higher reliability. 
[0042] Moreover, an apoptosis inhibitor of the present invention 
comprises a nucleic acid encoding a protein comprising the amino acid 
sequence set forth in SEQ ID NO: 25. The present inventors have 
revealed that IKX-a (K44A) binds to, but does not stabilize, p73 and 
inhibits apoptosis induced by p73. Thus, this apoptosis inhibitor is 
incorporated into an appropriate vector, which is in tum contacted with 
or administered to cells, tissues, or individuals, thereby allowing for the 
inhibition of apoptosis for the cells, tissues, or individuals. The vector 
is contacted with or administered to cells or cancer tissues undergoing 
apoptosis or individuals suffering from neurodegenerative disease, 
thereby allowing for the treatment of neurodegenerative disease. 
Namely, the apoptosis inhibitor may be used as a therapeutic agent for 
neurodegenerative disease. For the contact or administration of the 
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apoptosis inhibitor, it is preferred to confirm p73 expression in cells, 
tissues, or individuals to be contacted or administered with the 
apoptosis inhibitor. This is because apoptosis can be inhibited with 
higher reliability. 

[0043] An apoptosis inhibitor of the present invention comprises 
a protein comprising the amino acid sequence set forth in SEQ ID NO: 
26. The protein comprising the amino acid sequence set forth in SEQ 
ID NO: 26 represents a UFD2a protein. The present inventors have 
revealed that UFD2a degrades p73, but not p53, and selectively inhibits 
apoptosis mediated by p73. Thus, this apoptosis inhibitor is contacted 
with or administered to cells, tissues, or individuals, thereby allowing 
for the inhibition of apoptosis for the cells, tissues, or individuals. This 
apoptosis inhibitor is contacted with or administered to cells or tissues 
undergoing apoptosis or individuals suffering jfrom neurodegenerative 
disease, thereby allowing for the treatment of neurodegenerative 
disease. Namely, the apoptosis inhibitor may be used as a therapeutic 
agent for neurodegenerative disease. For the contact or administration 
of the apoptosis inhibitor, it is preferred to confirm p73 expression in 
cells, tissues, or individuals to be contacted or administered with the 
apoptosis inhibitor. This is because apoptosis can be inhibited with 
higher reliability. 

[0044] Moreover, an apoptosis inhibitor of the present invention 
comprises a nucleic acid encoding a protein comprising the amino acid 
sequence set forth in SEQ ID NO: 26. The present inventors have 
revealed that UFD2a degrades p73, but not p53, and selectively inhibits 
apoptosis mediated by p73. Thus, this apoptosis inhibitor is 
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incorporated into an appropriate vector, which is in turn contacted with 
or administered to cells, tissues, or individuals, thereby allowing for the 
inhibition of apoptosis for the cells, tissues, or individuals. The vector 
is contacted with or administered to cells or cancer tissues undergoing 
apoptosis or individuals suffering from neurodegenerative disease, 
thereby allowing for the treatment of neurodegenerative disease. 
Namely, the apoptosis inhibitor may be used as a therapeutic agent for 
neurodegenerative disease. For the contact or administration of the 
apoptosis inhibitor, it is preferred to confirm p73 expression in cells, 
tissues, or individuals to be contacted or administered with the 
apoptosis inhibitor. This is because apoptosis can be inhibited with 
higher reliability. 
Examples 

[0045] Hereinafter, the present invention will be described more 
fiilly with reference to Examples. However, the present invention is 
not intended to be limited to these Examples. 
[0046] (Cell culture and transfection) 

African green monkey liver COS7 cells and human 
osteosarcoma U20S cells were cultured in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% (v/v) heat-inactivated fetal 
bovine serum (FBS; Invitrogen) and penicillin (100 
IU/mL)/streptomycin (100 |ig/mL). Human limg carcinoma H1299 
cells and mouse fibroblast L929 cells were cultured in RPMI1640 
medium containing 10% heat-inactivated FBS and an antibiotic 
mixture. The resulting cultures were maintained at 37°C under a 
water-saturated atmosphere of 5% CO2. 
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[0047] To perform transient transfection, COS7 cells were 
cultured until 50% confluency and transfected with the given 
combinations of expression plasmids by use of FuGENE6 transfection 
reagent (Roche Molecular Biochemicals) according to the 
manufacturer's instruction. HI 299 cells and U20S cells were 
transfected with LipofectAMINE transfection reagent (Invitrogen) 
according to the manufacturer's instruction. pcDNA3 empty plasmid 
(Invitrogen) was used as a blank plasmid to balance the amount of 
DNA introduced by transient transfection. 
[0048] (Cell survival assay) 

U20S cells were seeded at a density of 5 x 10^ cells/well to a 96- 
well tissue culture dish supplemented with 100 [iL of complete medium, 
and then allowed to adhere thereto ovemight. A cisplatin stock 
solution was filtered and sterilized with a filter of 0.45 |am in pore size 
and diluted with phosphate-buffered saline (PBS). Cisplatin was added 
at the final concentration of 20 |iM to the cultures, followed by cell 
viability assay. The viability was assayed by a modified 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay 
at given time points after the cisplatin addition. The MTT assay was 
performed by adding 10 jiL of MTT solution to each well and 
incubating the cultures at 37°C for 1 hour. A microplate reader (Model 
450; Bio-Rad) was used to measure the absorbance of each well at 570 
nm. 

[0049] (RNA extraction and RT-PCR) 

Total RNA was extracted fi-om U20S cells exposed to cisplatin 
(final concentration: 20 |iM) by use of RNeasy Mini Kit (Qiagen) 
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according to the manufacturer's protocol. Reverse transcription 
reaction was performed by mixing the total RNA (5 |ig) with 
Superscript II reverse transcriptase (Invitrogen) and random primers 
and incubating the mixture at 42*0 for 1 hour. After the completion of 
5 the reaction, cDNA was diluted with water and amplified with 15 |iL of 

reaction solution (which contained 100 nM of each deoxynucleoside 
triphosphate, 1 x PGR buffer, 1 fiM of each primer, and 0.2 units of 
rTaq DNA polymerase (Takara Bio)). 

[0050] The following oligonucleotide primers were used: 
10 forlKK-a: 

(forward, SEQ ID NO: 1) 5'-CCGACTTCAGCAGAACATGA-3' 
(reverse, SEQ ID NO: 2) 5'-tggggacagtgaacaagtga-3' 
for IKK-p: 

(forward, SEQ ID NO: 3) 5'-aaccagcatccagattgacc-3' 
1 5 (reverse, SEQ ID NO: 4) 5'-ctctaggtcgtccagcgttc-3' 

for IKK-y: 

(forward, SEQ ID NO: 5) 5'-cctcactccctgtgaagctc-3' 
(reverse, SEQ ID NO: 6) 5'-gagactcttcgcccagtacg-3' 
for iKB-a: 

20 (forward, SEQ ID NO: 7) 5'-gcaaaatcctgacctggtgt-3' 

(reverse, SEQ ID NO: 8) 5'-gctcgtcctctgtgaactcc-3' 

forp53: 

(forward, SEQ ID NO: 9) 5'- 

ATTTGATGCTGTCCCCGGACGATATTGAAC-3' 
25 (reverse, SEQ ID NO: 10) 5'- 

ACCCTTTTTGGACTTCAGGTGGCTGGAGTG-3' 
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for p73a: 

(forward, SEQ ID NO: 1 1) 5'-CCGGGAGAACTTTGAGATCC-3' 
(reverse, SEQ ID NO: 12) 5'-ATCTTCAGGGCCCCCAGGTC-3' 
forp21^^»: 

5 (forward, SEQ ID NO: 13) 5'-CCGGGAGAACTTTGAGATCC-3' 

(reverse, SEQ ID NO: 14) 5'-ATCTTCAGGGCCCCCAGGTC-3' 
for Bax: 

(forward, SEQ ID NO: 15) 5'-tttgcttcagggtttcatcc-3' 

(reverse, SEQ ID NO: 16) 5'-cagttgaagttgccgtcaga-3' 
10 forGAPDH: 

(forward, SEQ ID NO: 17) 5'-ACCTGACCTGCCGTCTAGAA-3' 

(reverse, SEQ ID NO: 18) 5'-TCCACCACCCTGTTGCTGTA-3'. 

GAPDH expression was assayed and used as an internal standard. 

The PGR amplification products were separated by electrophoresis 
15 with 1.5% agarose gel in TAE buffer (40 mM Tris-Cl, 1 mM EDTA) 

and visualized with ethidium bromide (post-staining). 

[0051] (FLAG epitope for tagging IKK-a) 

IKK-a was epitope-tagged at the N terminus with a FLAG 

epitope and subcloned into a pcDNA3 expression plasmid. To obtain 
20 an expression plasmid for FLAG-tagged IKK-a, the coding region of 

IKK-a was amplified by PGR. The following oligonucleotide primers 

were used in the PGR: 

(forward, SEQ ID NO: 19) 5'-ccggaattcgagcggcccccggggctgcggc-3' 
(reverse, SEQ ID NO: 20) 5'- 

25 ccgctcgagcggtcattctgctaaccaactccaatcaagactcat-3'. 

The underlined nucleotides of the forward primer represent an 
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EcoRI cleavage site, and the underlined nucleotides of the reverse 
primer represent an Xhol cleavage site. The PGR products were 
completely digested with EcoRI and Xhol and introduced into the 
identical cleavage sites of the pcDNA3-FLAG expression plasmid in- 
5 frame to the downstream of the FLAG tag. The resulting expression 

plasmid encodes the full-length IKK-a tagged with the FLAG epitope 
(pcDNA-FLAG-IKK-a). The construct was confirmed by restriction 
enzyme digestion and DNA sequencing. 
[0052] (Preparation of IKK-a mutant lacking kinase activity) 
10 K44A mutation was introduced into wild- type IKK-a by use of 

PfuUltra™ High-Fidelity DNA polymerase (Stratagene) according to 
the manufacturer's instruction. The following oligonucleotide primers 
were used: 
5'- 

1 5 GCGTCTTGTCGTTTAGAGCTAAGTTCC AAAAAC AGAG AGCG 

ATGGTGCCAT-3* (forward, SEQ ID NO: 21; the underlined portion 
encodes the 44th amino acid Ala) 
5'- 

AATTGCTATTTTGAGATCAAGTTCCCGGTGCTGGTACAGACT 
20 GACGTTCCC 

-3' (reverse, SEQ ID NO: 22). 

[0053] The PGR products were self-ligated in the presence of T4 
DNA ligase (Takara Bio), and their nucleotide sequences were 
determined to confirm the presence of the intended mutation and the 
25 absence of random mutation. 

[0054] (Immunoblot) 
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Cells were transiently transfected with a total of 2 \ig of 
expression plasmids. After 48 hours of the transfection, the cells were 
washed with ice-cold PBS and suspended in lysis buffer (pH 8.0; which 
contamed 25 mM Tris-Cl, 137 mM sodium chloride, 1% Triton X-100, 
5 1 mM phenylmethylsulfonyl fluoride (PMSF), and protease inhibitor 

mix (Roche Molecular Biochemicals)), followed by brief sonication. 
After centrifugation at 15000 rpm for 10 minutes, the supernatant was 
collected and assayed for protein concentrations by the Bradford assay 
(Bio-Rad). Equal amounts of lysates (protein amount: 50 ^g) from the 

10 whole cells were denatured by boiling in Laemmli SDS-sample buffer, 

then separated on 10% SDS-polyacrylamide gel (SDS-PAGE), and 
transferred at room temperature for 1 hour to polyvinylidene difluoride 
(PVDF) membranes (Immobilon-P; Millipore) in Tris-glycine buffer 
containing 10% methanol. The membranes were blocked at room 

15 temperature for 1 hour with Tris-buffered saline (TBS-T) containing 

5% skim milk and 0.1% Tween 20. 

[0055] Then, the membranes were reacted with an anti-FLAG 
monoclonal (M2; Sigma), anti-HA monoclonal (12CA5; Roche 
Molecular Biochemicals), anti-p73 monoclonal (Ab-4; NeoMarkers), 

20 anti-p53 monoclonal (DO-1; Oncogene Research Products), anti-Bax 

monoclonal (6A7; eBioscience), anti-IKK-a polyclonal (M-280; Santa 
Cruz Biotechnology), anti-IKK-P polyclonal (H-470; Santa Cruz 
Biotechnology), anti-IKK-y polyclonal (FL-417; Santa Cruz 
Biotechnology), anti-p65 polyclonal (C-20; Santa Cruz Biotechnology), 

25 anti-lKB-a polyclonal (C-21; Santa Cruz Biotechnology), anti-actin 

polyclonal (20-33, Sigma), or anti p21^'^' polyclonal (H-164; Santa 
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Cruz Biotechnology) antibody used as a primary antibody. After the 
reaction with the primary antibody, the membranes were reacted at 
room temperature for 1 hour with a horseradish peroxidase (HRP)- 
labeled goat anti-mouse or anti-rabbit secondary antibody (Cell 
Signaling Technologies) diluted 2000-fold in TBS-T. Immunoreactive 
proteins were finally visualized by use of an enhanced 
chemiluminescence system (ECL; Amersham Pharmacia Biotech) 
according to the manufacturer's instruction. 
[0056] (Subcellular iOraction) 

To prepare nuclear and cytoplasmic extracts, cells were washed 
with ice-cold PBS and suspended in lysis buffer (pH 7.5; which 
contained 10 mM Tris-Cl, 1 mM EDTA, 0.5% Nonidet P-40 (NP-40), 
1 mM PMSF, and protease inhibitor mix (Sigma)). The suspended 
cells were incubated at 4°C for 30 minutes and centrifiiged at 5000 rpm 
for 10 minutes to collect soluble fractions (which were used as 
cytoplasmic extracts). Insoluble fractions were washed with lysis 
buffer and dissolved in 1 x Laemmli SDS-sample buffer (pH 6.8; 
which contained 62.5 mM Tris-Cl, 2% SDS, 2% j3-mercaptoethanol, 
and 0.01% bromophenol blue) to collect nuclear extracts. The nuclear 
and cytoplasmic fractions were subjected to immunoblot analysis using 
an anti-lamin B monoclonal (Ab-1; Oncogene Research Products) or 
anti-a-tubulin monoclonal (DMIA; Cell Signaling Technology) 
antibody. 

[0057] (Proteolytic rate analysis) 

COS7 cells were transiently transfected with a HA-p73a 
expression plasmid together with or without an IKK-a expression 
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plasmid. The cells were collected at given time points after 
pretreatment with cycloheximide (final concentration: 100 |j.g/mL). 
Lysates from the whole cells were prepared and subjected to 
immunoblot analysis using an anti-p73 monoclonal or anti-actin 
polyclonal antibody. Densitometry was used to quantify the amount of 
HA-p73a normalized to actin. 
[0058] (Ubiquitination assay) 

COS7 cells were transiently transfected with a constant amoxmt 
of expression plasmids encoding HA-p73a and HA-Ub in the presence 
or absence of varying amounts of IKK-a expression plasmids. After 4 
hours from the transfection, the cells were exposed for 6 hours to a 
proteasome inhibitor MG-132 (final concentration: 20 piM), and lysates 
from the whole cells were first subjected to immimoprecipitation with 
an anti-p73 monoclonal antibody and then to immunoblot using an 
anti-HA monoclonal antibody (12CA5; Roche Molecular 
Biochemicals) to analyze ubiquitination levels. 
[0059] (Immunoprecipitation analysis) 

Whole cell lysates were centrifuged at 15000 rpm for 15 minutes 
to remove cell debris. The obtained supernatant was pretreated at 4°C 
for 30 minutes with protein G-Sepharose (50% slurry, 30 |iL; 
Amersham Pharmacia Biotech). After centrifugation, the supematant 
was incubated at 4°C for 2 hours with an anti-HA polyclonal (Medical 
and Biological Laboratories) or anti-FLAG monoclonal antibody. The 
immunocomplexes were precipitated at 4°C for 30 minutes with 
protein G-Sepharose beads. After collection by brief centrifugation, 
the immunoprecipitates were washed three times with lysis buffer, then 
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suspended in 30 |iL of 2 x Laemmli SDS sample buffer, and treated at 
100°C for 5 minutes. The supematant was loaded onto 10% SDS- 
PAGE and analyzed by immunoblot as described above. 
[0060] (GST pull-down assay) 

Whole cell lysates prepared from COS7 cells expressing FLAG- 
IKK-a were mixed with glutathione S-transferase (GST) or GST fusion 
protein and incubated with slow shaking at 4°C for 2 hours in the 
presence of glutathione- Sepharose beads (Amersham Pharmacia 
Biotech), Then, the Sepharose beads were precipitated by brief 
centrifugation and vigorously washed with NETN buffer (pH 7.5; 50 
mM Tris-Cl, 150 mM sodium chloride, 0.1% NP-40, and 1 mM 
EDTA) containing 1 mM PMSF. The proteins bound with the beads 
were eluted therefrom by the addition of 30 |iL of 2 x Laemmli SDS 
sample buffer, then boiled for 5 minutes, and separated with 10% SDS- 
PAGE. The proteins were transferred to PVDF membranes and 
immunoblotted with FLAG-IKK-a as described above. 
[0061] (Inrniunofluorescence analysis) 

U20S cells were cultured on coverslips and transfected with 
given expression plasmids. After 48 hours from the transfection, the 
cells were washed with ice-cold PBS and fixed at -20°C for 20 minutes 
in 100% methanol. The cells were washed twice with PBS and blocked 
at room temperature for 1 hour with a PBS solution (which contained 
0.1% glycine and 0.1% sodium azide) containing 3% bovine serum 
albumin (BSA). Then, the cells were washed with PBS and incubated 
at room temperature for 1 hour by simultaneously using 50-fold diluted 
anti-lamin B monoclonal and 200-fold diluted anti-FLAG polyclonal 
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(Sigma) antibodies. To detect bound inraiimoglobulin, the cells were 
incubated at room temperature for 1 hour with a rhodamine- or 
fluorescein isothiocyanate (FITC)-labeled secondary antibody 
(Invitrogen) diluted 200-fold. After the incubation with the secondary 
antibody, the coverslips were washed with PBS, then mounted onto 
glass slides by use of Fluoromount-G (Southern Biotech), and 
examined with a laser scanning confocal microscope (Olympus). 
[0062] (Luciferase reporter assay) 

H1299 cells deficient in p53 were seeded at a density of 5 x 10"^ 
cells/well onto a 12- well tissue culture dish and transiently transfected 
with 100 ng of luciferase reporter construct (which carried a p53/p73- 
responsive element derived from a p21^'^^\ Box, or MDM2 promoter), 
10 ng of pRL-TK Renilla luciferase cDNA, and 25 ng of given 
expression plasmid (p53, HA-p73a, or HA-p73P) together with or 
without varying amounts of IKK-a or FLAG-IKK-P expression 
plasmids. The total amount of DNA per transfection was kept constant 
(510 ng) with a pcDNA3 empty plasmid. After 48 hours from the 
transfection, the cells were washed twice with ice-cold PBS and 
suspended in passive lysis buffer (Promega). Both firefly and Renilla 
luciferase activities were assayed by use of dual-luciferase reporter 
assay system (Promega) according to the instruction. Fluorescence 
intensity was measured with TD-20 luminometer (Turner Design). The 
firefly luciferase signal was normalized based on the Renilla luciferase 
signal. Results obtained from at least 3 transfections were indicated by 
mean value ± standard deviation. 
[0063] (Apoptosis assay) 
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To detect apoptosis via p73a and IKK overexpression, HI 299 
cells were seeded at a density of 1.5 x 10"^ cells/well onto a 6-well 
tissue culture dish. Next day, the cells were transiently transfected with 
50 ng of j3-galactosidase expression plasmid and 50 ng of HA-p73a 
expression plasmid in the presence or absence of varying amounts of 
IKK-a or IKK-p expression vectors (100, 200, or 400 ng). After 48 
hours of the transfection, the cells were washed with ice-cold PBS and 
stained at room temperature for 10 minutes with 0.4% trypan blue 
(PBS solution). Then, the cells were washed twice with PBS, then 
fixed for 10 minutes in PBS containing 2.5% glutaraldehyde, 1 mM 
magnesium chloride, and 2 mM EGTA, and stained for 2 hours with 
Red-Gal (Research Organics) according to the method described in 
Bayon, Y. et al., Mol. Cell. Biol. 23: 1061-1074 (2003). Red-Gal was 
used as a marker for visualizing the transfected cells to evaluate the 
degree of apoptosis occurring in the transfectants. Apoptotic cells were 
scored by gathering the cells exhibiting dark pink-purple color due to 
the double staining with Red-Gal and trypan blue. Results were 
indicated by an average of three independent transfections (each 
performed three times or more). 

[0064] (Example 1) Induction of IKK-a during cisplatin-mediated 
apoptosis in U20S cells 

To define potential function(s) of IkB kinases (IKKs) in 
signaling induced by DNA damage, their protein and mRNA 
expression levels were examined by exposing U20S cells to a DNA- 
damaging chemotherapeutic agent cisplatin. The U20S cells, when 
examined by cell survival assay, underwent apoptosis in a time- 
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dependent manner (Figure 1). In immunoblot analysis, p53 and its 
homologue p73a (both are main mediators in DNA damage response 
(Melino, G. et aL, Nat Rev. Cancer 2: 605-615 (2002); and Vousden, 
K.H. et aL, Nat. Rev. Cancer 2: 594-604 (2002)) were remarkably 
induced at protein levels in response to cisplatin (Figure 2). On the 
other hand, the expression of p53 and p73a mRNAs was not induced 
(Figure 3). Their accumulation was associated with downstream 
effectors such as p21^'^^ and Bax. Particularly, cisplatin treatment 
remarkably accumulated IKK- a, and its induction was observed during 
the period from 12 to 36 hours after the cisplatin exposure (Figure 2). 
After 12 hours of cisplatin treatment, an IKK-y (NEMO) protein level 
was transiently increased, while the IKK-y level was decreased by the 
extension of cisplatin treatment time to 24 to 36 hours and was almost 
indistinguishable from that of untreated cells. By contrast, cisplatin 
treatment hardly changed the amount of IKK- (3. As a result of RT-PCR 
analysis, the expression of IKK- a and /AX->0 mRNAs was not changed 
by cisplatin treatment, whereas remarkable increase in the expression 
level of IKK-y mRNA was observed in a time-dependent manner in 
response to cisplatin treatment (Figure 3). Interestingly, the result of 
immunoblot analysis shows that cisplatin treatment remarkably 
increased the phosphorylated form of IicB-a (well characterized 
substrate for IKK complexes). 

[0065] Taken together, these results suggested that the 
accumulation of p53 and p73 induced by DNA damage is associated 
with the up-regulation of IKK-a, and that there might exist the 
ftmctional interaction between them during apoptotic pathways 



36 



FP05-01 12-00 



mediated by DNA damage. 

[0066] (Example 2) Nuclear accumulation of IKK-a in response to 
cisplatin 

It has recently been shown that IKK-a shuttles between the 
nucleus and the cytoplasm in a CRM- 1 -dependent manner (Birbach, A. 
et aL, J, Biol. Chem. 277: 10842-10851 (2002)). Moreover, nuclear 
IKK-a possesses the ability to transactivate NF-KB-responsive genes 
that control survival pathways after cytokine exposure (Yamamoto, Y. 
et aL, Nature 423: 655-659 (2003); and Anest, V. et aL, Nature 423: 
659-663 (2003)). Based on these findings, whether the subcellular 
localization of endogenous IKKs was changed in response to cisplatin 
was investigated. 

[0067] Nuclear and cytoplasmic extracts were prepared from 
cisplatin-exposed or untreated U20S cells and subjected to 
immunoblot with a given antibody. The purity of the nuclear and 
cytoplasmic fractions was confirmed by immunoblot using anti-lamin 
B and anti-a-tubulin antibodies, respectively. In agreement with the 
previously reported results, IKK-a was localized in both the nucleus 
and the cytoplasm, whereas IKK-P was largely expressed in the 
cytoplasm (Figure 4). The amounts of IKK-a, IKK-P, and IKK-y in 
the cytoplasm were not changed regardless of cisplatin treatment. 
Cisplatin treatment remarkably accumulated IKK-a in the nucleus in a 
time-dependent manner, but did not accumulate IKK-p so much in the 
nucleus. The transient accumulation of IKK-y was observed in the 
nucleus after 12 hours of cisplatin treatment. In agreement with the 
enhanced phosphorylation of iKB-a in response to cisplatin. 
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cytoplasmic iKB-a was decreased in a time-dependent manner. 
However, cisplatin treatment had almost no effect on the nuclear 
accumulation of p65-NF-icB subunit (RelA). This indicates that the 
presence of cisplatin might inhibit p65 nuclear translocation. This idea 
suggests that of IKKs, IKK-a, which was remarkably accumulated in 
the nucleus by cisplatin treatment, might have a certain function in the 
nucleus during apoptosis mediated by cisplatin. 

[0068] To investigate whether exogenous IKK-a expression 
influenced the behavior of endogenous IKK-a, the intracellular 
distribution of exogenous IKK-a was examined by immunoblot and 
immunofluorescence staining. Nuclear and cytoplasmic jfractions were 
prepared from U20S cells transfected with an expression plasmid 
encoding FLAG-IKK-a or HA-p73a and subjected to immunoblot 
using an anti-FLAG or anti-p73 antibody, respectively. As shown in 
Figure 5 (which shows the result of immunoblot of the cells after 48 
hours of transfection), HA-p73a was largely localized in the nucleus, 
whereas FLAG-IKK-a was present in both the nucleus and the 
cytoplasm. Surprisingly, the result of immimofluorescence staining 
with anti-FLAG and anti-lamin antibodies clearly showed that 
exogenous IKK-a was localized in the cytoplasm and the nuclear 
matrix, as also indicated by extensive coexistence with lamin B serving 
as a nuclear matrix marker (Figure 6). Interestingly, HA-p73a 
coexisted with FLAG-IKK-a in the nuclear matrix. This suggests that 
nuclear IKK-a might interact with pro-apoptotic p73 and regulate its 
function. 

[0069] (Example 3) Change in NF-kB activation in U20S cells by 
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cisplatin exposure 

As described above, the amount of nuclear transactivating p65 
subunit was not changed in U20S cells treated with cisplatin. In light 
of these results, whether NF-kB was activated in response to cisplatin 
was investigated. U20S cells transfected with a NF-kB reporter 
plasmid were treated with cisplatin and assayed for their luciferase 
activities. The cisplatin treatment did not enhance NF-KB-dependent 
transcriptional activation (Figure 7). When mouse fibroblast L929 
cells were exposed to TNF-a, NF-KB-dependent transcriptional 
activation was observed after 2 hours (Figure 8), L929 cells have been 
used widely for examining the TNF-a-dependent activation of NF-kB. 
The treatment of the L929 cells with TNF-a remarkably accumulated 
p65 in the nucleus (Figure 9). From these results, unlike TNF-a, no 
remarkable effect of cisplatin on NF-KB-dependent transcriptional 
activation seems to be due to the absence of regulation of the nuclear 
accumulation of p65. 

[0070] (Example 4) Interaction between IKK-a and p73 

To investigate whether IKK-a interacted with p73 in cultured 
mammal cells, whole cell lysates were prepared from transfected COS7 
cells, then immunoprecipitated with an anti-FLAG or anti-HA antibody, 
and analyzed by immunoblot using an anti-p73 or anti-FLAG antibody, 
respectively. As shown in Figure 10, exogenously expressed FLAG- 
IKK-a and HA-p73a formed stable complexes in the COS7 cells. 
Likewise, HA-p73p was co-immunoprecipitated with FLAG-IKK-a 
(data not shown). By contrast, when endogenous p53 was 
immunoprecipitated and immunoblotted with an anti-FLAG antibody. 
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co-immimoprecipitated FLAG-IKK-a was not detected (Figure 11). 
This shows that IKK-a interacts with p73, but not with p53, in cells. 
To identify determinants of p73 participating in the interaction with 
IKK-a, several deletion mutants of p73 fused to GST were prepared 
5 and examined for their abihties to bind to FLAG-IKK-a by in-vitro 

pull-down assay. These mutants were designed on the basis of the 
functional domains of p73 including transactivation, DNA-binding, 
oHgomerization, and SAM domains (Figure 12). FLAG-IKK-a bonded 
to GST-p73 (114-328) but not to other GST-fused proteins (Figure 13). 
10 These resuhs suggested that IKK-a directly interacts with p73 via the 

DNA-binding domain of p73. 

[0071] (Experiment 5) Stabilization of p73 by IKK-a 

As previously reported, some protein kinases (e.g., c-Abl and 
PKC5) that interact with p73 can stabilize p73. To confirm whether 

15 IKK-a influenced the stabilization of p73, COS7 cells were transfected 

with a constant amount of HA-p73a expression plasmid together with 
or without varying amoimts of IKK-a expression plasmids and 
examined for HA-p73a protein levels. As shown in Figure 14, the 
presence of exogenous IKK-a remarkably increased the amount of 

20 HA-p73a, whereas IKK-a had no detectable effect on the stabilization 

of FLAG-p53. HA-p73p was also stabilized by IKK-a at a degree 
lower than that of HA-p73a. Under the experimental conditions that 
increased IKK-a, no remarkable change was seen in the expression 
level of p73a mRNA (Figure 14). This suggests that IKK-a controls 

25 p73 at protein levels. Next, whether IKK-p influenced the stabilization 

of p73 and p53 was investigated by transient transfection. As shown in 
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Figure 15, FLAG-IKK-P had no detectable effect on the stabilization of 
both p73 and p53. 

[0072] To confirm whether IKK-a regulated p73 turnover, the 
degradation rate of p73 in transfected COS7 cells was examined. After 
5 24 hours of transfection, the cells were treated with cycloheximide. At 

the indicated time points, lysates from the whole cells were prepared 
and subjected to inmiimoblot using an anti-p73 antibody. As shown in 
Figure 16, the degradation rate of HA-p73a in cells expressing both 
HA-p73a and IKK-a was lower than that in cells expressing HA-p73a 

10 alone. By contrast, the half-life of HA-p73a was not prolonged even in 

the presence of FLAG-IKK-p (Figure 17). Thus, the stabilization of 
p73 mediated by IKK-a is attributed to increase in the half-life of p73. 
[0073] As described by Lee, C.-W. et al.. Oncogene 18: 4171- 
4181 (1999), the steady- state level of p73 was regulated at least 

15 partially by the proteolytic process through the ubiquitin-proteasome 

pathway. Whether IKK-a inhibited the ubiquitination of p73 was 
investigated. COS7 cells were transfected with expression plasmids for 
HA-p73a and HA-ubiquitin together with or without varying amoimts 
of IKK-a or FLAG-IKK-|3 expression plasmids. After 48 hours of the 

20 transfection, lysates from the whole cells were analyzed by 

immunoprecipitation and immunoblot and examined for the presence 
of p73a containing HA-ubiquitin. The amount of ubiquitinated p73a 
was decreased by the presence of IKK-a (Figure 18), whereas FLAG- 
IKK-p inhibited the ubiquitination of p73a to a somewhat lesser degree 

25 (Figure 19). 

[0074] Taken together, these results strongly suggested that IKK- 
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a inhibits the ubiquitination of p73 and thereby enhances the 
stabilization of p73. 

[0075] (Example 6) Enhancement of p73-mediated transactivation 
function in p53-deficient H1299 cells by IKK-a 

To explore the functional implication of interaction between 
IKK-a and p73, the effect of IKK-a on p73-mediated transcriptional 
activation was first examined. HI 299 cells deficient in p53 were 
transfected with a HA-p73a or HA-p73P expression plasmid and a 
luciferase reporter construct under the control of a p21^^^\ Box, or 
MDM2 promoter together with or without varying amounts of IKK-a 
expression plasmids. As shown in Figures 20 and 21, ectopically 
expressed p73 activated the transcription of the p53/p73 -responsive 
reporters, as compared with empty plasmids as controls. Moreover, 
IKK-a alone had almost no effect on luciferase activity. Remarkable 
increase in p73- dependent transcriptional activation was dose- 
dependently observed in the coexpression of HA-p73a or HA-p73P 
with IKK-a. By contrast, increase in p5 3 -responsive reporter gene 
activity was not induced by IKK-a (Figure 22). To examine the 
specificity of p73 -dependent transcriptional activation mediated by 
IKK-a, whether IKK-|3 enhanced p73 transcriptional activity to 
p53/p73-responsive promoters was confirmed. As shown in Figure 23, 
no remarkable change in p73 -dependent transcriptional activation was 
observed with FLAG-IKK-p. When exogenous IKK-a was expressed 
in H1299 cells, the induction of endogenous p21^'^^ mediated by p73a 
was remarkably up-regulated (Figure 24). 

[0076] Taken together, these results suggested that IKK-a 
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specifically enhances the transcriptional activity of p73. 

[0077] (Example 7) Contribution of IKK-a to apoptosis mediated by 

p73 

Potential effect(s) of IKK-a on p73-dependent biological 
functions such as the regulation of apoptosis was examined. HI 299 
cells were transiently transfected with a constant amount of expression 
plasmids for HA-p73a and P-galactosidase together with or without 
varying amoimts of iKX-a or FLAG-IKK-P expression plasmids. The 
p-galactosidase expression plasmid was used for identifying the 
transfected cells. After 48 hours of the transfection, the cells were 
subjected to double staining with trypan blue (nonviable cells) and 
Red-Gal (transfected cells), and the number of purple cells was scored. 
As shown in Figures 25 and 26, the coexpression of IKK-a with HA- 
p73a increased the number of cells undergoing apoptosis, as compared 
with transfection with HA-p73a alone. By contrast, the coexpression 
of FLAG-IKK-P had no remarkable effect on p73a-dependent 
apoptosis (Figure 27). 

[0078] These data are consistent with the positive effect of IKK-a on 
p73 -dependent transcriptional activation. 

[0079] (Example 8) Influence of mutant IKK-a lacking kinase activity 
on the stabilization of p73 

To investigate whether the endogenous kinase activity of IKK-a 
was required for the stabilization of p73, IKK-a (K44A) was prepared 
as mutant IKK-a. This mutant had alanine substituted for lysine-44 in 
the ATP-binding motif. As described by Ling, L. et al., Proc. Natl. 
Acad. Sci. USA 95: 3792-3797 (1998), the mutation of this site impairs 
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the kinase activity of IKK-a. As seen from immimoprecipitation 
analysis, IKK-a (K44A) maintained the ability to fomi complexes with 
p73a in cultured mammal cells (Figure 28), In sharp contrast to wild- 
type IKK-a, the coexpression of FLAG-IKK-a (K44A) had almost no 
effect on the intracellular level of exogenously expressed HA-p73a 
(Figure 29). To examine the effect of IKK-a lacking kinase activity on 
endogenous p73, U20S or HI 299 cells were transiently transfected 
with an empty plasmid or FLAG-IKK-a (K44A) expression plasmid 
and then exposed to cisplatin for 24 hours or left untreated. Whole cell 
lysates and total RNA were prepared and subjected to immunoblot and 
RT-PCR, respectively. As shown in Figure 30, the stabilization of 
endogenous p73a mediated by cisplatin was inhibited in the U20S 
cells transfected with the FLAG-IKK-a (K44A) expression plasmid. 
On the other hand, FLAG-IKK-a (K44A) had no remarkable effect on 
the amount of endogenous p53. Similar results were also obtained in 
p53-deficient H1299 cells (Figure 32), In good agreement with the 
results described above, apoptosis induced by cisplatin was remarkably 
inhibited in the presence of FLAG-IKK-a (K44A) (Figures 31 and 33). 
[0080] Thus, it is concluded that the stabilization of p73 in 
response to DNA damage induced by cisplatin requires the kinase 
activity of IKK-a. 

[0081] (Example 9) Influence of UFD2a on endogenous p73 

To examine the influence of UFD2a on endogenous p73, the 
following experiment was performed. COS7 cells were transfected or 
untransfected with a FLAG-UFD2a expression plasmid. After 24 
hours of the transfection, the cells were exposed to cisplatin (fmal 
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concentration: 20 jig/mL) for 24 hours or left untreated. Whole cell 
lysates were prepared from the transfected cells and analyzed for pTSa, 
p53, and UFD2a expression by immunoblot. Actin was utilized as a 
control for addition. As shown in Figure 35, the induction of p73a by 
cisplatin was inhibited in the cells transfected with the FLAG-UFD2a 
expression plasmid. On the other hand, UFD2a had no influence on the 
amount of endogenous p53. This result suggests that p73a is degraded 
by UFD2a. 

[0082] (Example 10) Influence of UFD2a on p73 -dependent apoptosis 

To examine the influence of UFD2a on p73 -dependent apoptosis, 
the following experiment was performed. p53-deficient HI 299 cells 
were transiently cotransfected with the given combinations (HA-p73a, 
p53, and FLAG-UFD2a) of expression plasmids. After 48 hours of the 
transfection, the cells were fixed at room temperature for 30 minutes in 
3.7% formaldehyde, then permeabilized at room temperature for 5 
minutes with 0.2% Triton X-100, and blocked for 1 hour with 3% BSA. 
The cells were washed three times with 1 x PBS and stained at room 
temperature for 20 minutes with DAPI (4',6-diamidino-2-phenylindole; 
1 ^ig/mL). Of the cells transfected with GFP, cells having abnormal 
nuclei were counted under a microscope. As shown in Figure 36, the 
cotransfection of HA-p73a and FLAG-UFD2a decreased the number 
of apoptotic cells, as compared with the transfection of HA-p73a alone. 
By contrast, the cotransfection of p53 and FLAG-UFD2a could not 
suppress p53-dependent apoptosis. 

[0083] The results of Examples 9 and 10 revealed that UFD2a 
degrades p73a and reduces the apoptotic activity of p73a. 
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Industrial Applicability 

[0084] According to the screening method of the present 
invention, pro- and anti-apoptotic compoimds with a new and totally 
different mechanism of action can be obtained. The discovery of such 
5 compounds allows for the development of drugs effective for the 

treatment and prevention of cancer or neurodegenerative disease. 
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